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Abstract 
 
At low temperature and high field, Bi-2212 wires have the highest critical current density (Jc), and the isotropic round 
wires are more easily to design solenoid than the tapes. So the Bi-2212 wires are the preferred conductor for high-field 
solenoids. If the Jc of Bi-2212 wires was highest, the diameter of core of the wires was about 20ȝm. It is so thin that 
some cores were broken by inhomogeneous force. So it was important for Bi-2212 wires to deform uniformly during 
the drawing. Effect of technological parameters on the Uniformity and the engineering critical current density (Je) 
were studied. The results showed that the reduction per pass affected the Uniformity and Je of Bi-2212 wires. If the 
reduction per pass was too small, there were only a local deformation and the unfavourable stress-strain distribution 
could found in the transverse section of the wires. When the reduction per pass was large enough, there was 
a synchronous deformation of each part of the wires. So the uniformity of sample with large reduction per pass was 
better than that of sample with small reduction per pass. Its Je value was also higher than that of sample with small 
reduction per pass with the same diameter and there were the higher maximum Je value for it.  When it was the smaller 
diameter, the sample with large reduction per pass reached to the maximum Je. 20 percent of reduction per pass 
basically met the requirement of the synchronous deformation and high Je of Bi-2212 wires. 
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1. Introduction 
 
Bi2Sr2CaCu2O8+į (Bi-2212) is the only high temperature superconductor which can be fabricated into round wires 
with high Jc for high current Rutherford cables fabrication instead of Nb based superconductors. For solenoid magnets, 
the Bi-2212 wires are advantageous over tapes due to easier winding process by layers and higher fill factors.  
It is necessary to increase Jc of Bi-2212 wires for large-scale applications [1, 2]. According to some previous 
reports, the Jc of Bi-2212 can be improved by, increasing the content of bridging [3], improving the texture of Bi-2212 
phase [4], decreasing the leakage of Bi-2212 cores[5] , and decreasing the bubbles and hole in ceramic cores [2, 6, 7]. 
However, there are few systemic studies on uniformity of the cores and technological parameters of deformation of 
multifilamentary Bi-2212 wires during the drawing up to now. Though the technological parameters of deformation of 
monofilamentary Bi-2212 wires are well-studied[8] and the optimized technological parameters are employed in many 
studies on multifilamentary wires, the non-uniformity of cores in multifilamentary Bi-2212 wires is found[2, 9]. 
Because the conductor construction of multifilamentary wires with several hundreds cores are more complex than that 
of monofilamentary wires. So it is more difficult for the multifilamentary wires to deform uniformly. In addition, if the 
Jc of Bi-2212 wires was highest, the diameter of the cores in Bi-2212 wires is about 20ȝm [10]. The hard and brittle 
cores in wires are so thin that some broken cores are made by inhomogeneous force.  
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In our previous work, it was found that the Ag core in the centre of Bi-2212 wire could improve plasticity 
processing of Bi-2212 wire during drawing, and the uniform wire with 19h18+1 filament configuration was 
made[11]. But there were some non-uniformity in wires with 37h18+1 filament configuration, when the wires were 
drawn to under 1.5mm in diameter. The wires with 37h18+1 filament configuration had some obvious advantages 
over the wires with 19h18+1 filament configuration in practical application, where the diameter of the wires was 
usually 0.8-1.2mm. So it was necessary for the multifilamentary Bi-2212 wire to improve technological parameters of 
deformation and uniformity of the cores further. 
2. Experimental detail 
The Bi-2212 precursor with a nominal composition Bi2.10Sr2.05Ca1.00Cu2.1Ox was prepared by the co-precipitation 
process. The precursor powders were calcined and grinded step by step. The Bi-2212 wires with filament 
configuration of 37×18+1(see Fig.1) were fabricated by combining the powder-in-tube process and the bundle 
drawing method. The Ag core in the center of Bi-2212 wire could improve plasticity processing of Bi-2212 wire 
during drawing. The annealing-in-process was employed to avoid the breaking of wires during the drawing. There 
were different times of annealing-in-process and reduction per pass during the drawing for the two types of samples. 
The reduction per pass of sample A was 20%, and that of sample B was 10%. The safety factor K of the drawing is the 
ultimate tensile strength divided by the tensile stress of the sample during the drawing. The safety factor K of the 
drawing for the Bi-2212 wires before annealing-in-process was 1.8 to minimize the risks of cores broken, which was 
1.4 for the common metals. So number of annealing-in-process of sample A was 10 times and that of sample B was 5 
times, if the diameter of the Bi-2212 wires were decreased from 12mm to 1mm by drawing. 
 
Fig.1. The structural diagram of Bi-2212 wire with 37×18+1 cores  
 
The Bi-2212 wires were sintered by a partial melting technique. The samples were heated up to 885ć at the 
heating rate of 50ć/h, which was slightly higher than the melting temperature of Bi-2212, held for 20 min at this 
temperature, slowly cooled to 840ć at the cooling rate of 5ć/h, held for 20 h at this temperature, and then cooled 
down to room temperature. All samples were sintered in a flowing pure O2 atmosphere.  
The cross section of Bi-2212 wires was observed under Olympus light microscope, and the area of the 
superconducting cores was analyzed by Image-Pro Plus software to calculate the rate of broken cores. The surface 
morphologies of the Bi-2212 wires were observed by SEM equipped with EDS. The Vickers microhardness HV (200g, 
30s) was measured on Bi-2212 cores of the cross-sections of wires with the different reduction after annealing-in-
process to monitor the Uniformity of cores. The critical current was measured by a standard four-probe method with a 
1 ȝV/cm criterion at 77 K or 65 K and it was divided by cross-sectional area of the wire to get the Je value of the wire. 
3. Results and Discussions 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Across section of the Bi-2212 wires before heat treatment (a) sample A; (b) and (c) sample B with different 
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Fig.2 shows the cross section of sample A and sample B. It was shown that the cores of sample A were complete 
and well distributed, and the morphology of most cores of sample A was almost circular and close to theoretic value 
(see fig.1). If the wire with 37h18+1 filament configuration was divided into 18 parts according to the bundle of the 
superconducting cores, it was found that the distribution of the cores in each part of sample B was very close that the 
cores near the edge of the bundle, especially the corner of the bundle, were obviously angular and the angularity of 
cores in the centre of the wire was not very obvious. But generally, the morphology of most cores in sample B was 
more irregular than that of sample A, and there were some of broken cores in sample B. In order to quantify the 
broken cores of wires, six wires were randomly selected in each group and broken cores rate of them was measured. It 
was found that broken cores rate of sample B was 2% to 5% and that of sample A was under 1%. So the uniformity of 
sample A was better than that of sample B.  
The two significantly different materials, i.e. hard and brittle Bi-2212 ceramics and soft and ductile Ag sheath, are 
combined in Bi-2212 wire, so the deformation process was complicated to perform. The difference of the ceramics and 
Ag modulus was the main reason that the cores near the edge of the bundle in sample B were angular. The 
inappropriate drawing process could increased the non-uniformity and led to most of cores were angular, even some 
cores were broken (see Fig.2(b) and (c)). 
 
Fig.3. The hardness of Bi-2212 cores on the cross-sections of (a) sample A (b) sample B at different locations with the 
different reductions. 
Fig.3 shows the hardness of Bi-2212 cores on the cross-sections of sample A and sample B at different locations 
with the different reductions after annealing-in-process. It was shown that the HV values of sample A at different 
locations with the different reductions were particularly close. The HV values of sample B at different location 
were scattered, when the reduction were equal to or greater than 27%. If the non-uniformity factor of each sample 
expressed as IF = HVmax/HVmin, the maximum IF value of sample A was 1.46 and the F values of sample B after 27% 
and 34% reduction were 1.77 and 1.90 respectively. So uniformity of the ceramic cores in sample A was much better 
than that of sample B during the drawing. This also illustrated the uniformity of the ceramic cores was connected with 
the technological parameters of deformation. If the reduction per pass was too small, there were only a local 
deformation and the unfavourable stress-strain distribution could found in the transverse section of the wire. The 
difference of stress-strain distribution caused the different density of the cores nearby, and the HV value of the cores 
was directly related to the density of them [8]. If the reduction per pass was large enough, there was a synchronous 
deformation of each part of the wire. And combined the experiment resultsˈ20 percent of reduction per pass basically 
met the requirement of the synchronous deformation of Bi-2212 wire during the drawing. 
Fig.4 shows Je (77K or 65K, self) of Bi-2212 wires as function diameter of the wires. It was shown that the Je of all 
the wires increased first and then decreased with the decreasing of the wire diameter. The Je of sample A reached the 
maximum when the wire diameter was 0.9mm, but the Je of sample B was the maximum when the wire diameter was 
1.1mm. The maximum Je value of sample A was much higher than that of sample B. The Je value of sample A was 
also higher than that of sample B with the same diameter at the same measure condition.  
The Ag sheath could improve the texture of Bi-2212 layer and increase the critical current density of Bi-2212 layer 
[12]. The area of Ag/Superconductor interface would be increased with the decreasing of wire diameter, and the 
texture of Bi-2212 cores would be improved. So the Je of Bi-2212 wires with large diameter increased with the 
decreasing of the wire diameter. But when the diameter of wires was small enough, the Bi-2212 cores were so thin that 
some cores were broken, and the broken rate of cores increased with the decreasing of the cores diameter. When the 
diameter of wires arrived at a certain value, the broken rate would surpass the improving texture as the leading cause 
to the Je of Bi-2212 wires. At that time the Je of wires reached the maximum and then the Je of wires would decrease 
with the decreasing of the wire diameter. Because sample B and sample A employed different reduction of per pass 
and the uniformity of the ceramic cores in sample A was much better than that of sample B during the drawing, the Je 
value of sample A was also higher than that of sample B with the same diameter. Because there was a synchronous 
deformation of each part of sample A, the wire with smaller diameter and uniform cores was obtained. So the texture 
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of Bi-2212 layer of sample A was better and the maximum Je value of sample A was higher, and it was also found that  
the maximum Je value moved to the direction of the smaller diameter.  
 
Fig.4. Je (77K or 65K, self) as function diameter of the wires 
Moreover, the surface morphologies of the Bi-2212 wires after partial melting processing were observed by SEM. 
It was shown that the more molten powder flew from the broken cores in sample B and the molten powder also 
affected the surrounding undamaged cores. So the non-uniformity of wires during drawing process would be 
magnified by partial melting processing and it would further affect the Je of wires. 
              
4. Conclusion 
 
The reduction per pass affected the Uniformity and Je of Bi-2212 wires. If the reduction per pass was too small, 
there were only a local deformation and the unfavourable stress-strain distribution could found in the transverse 
section of the wires. When the reduction per pass was large enough, there was a synchronous deformation of each part 
of the wires. So the uniformity of sample with large reduction per pass was better than that of sample with small 
reduction per pass. Its Je value was also higher than that of sample with small reduction per pass with the same 
diameter and there were the higher maximum Je value for it. When it was the smaller diameter, the sample with large 
reduction per pass reached to the maximum Je. 20 percent of reduction per pass basically met the requirement of the 
synchronous deformation and high Je of Bi-2212 wires.  
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